The observed number of deaths from lung cancer and from bronchitis in each of the County Boroughs of England and Wales was extracted from the Annual Reports for the years 1958 to 1963. The expected number of deaths was calculated from the population distribution given in the Census Data of 1961 (Registrar General, 1964b) using the total death rates for the 6 year period for each age 11 grouping in the three categories, conurbations, towns of over 100,000 population and towns of 50,000-100,000 population, calculated from the six Annual Reports (Table II) according to whether the county borough formed part of a conurbation There was a significant positive correlation between the two ratios (2 oc < 0.01) the value of the correlation coefficient was + 0 3.
An additional statistic which was calculated was the ratio between the Standardised Mortality Ratio for bronchitis and that for carcinoma. For the whole group of county boroughs this ratio was 100. As the two S.M.R.s were expected to be equal the significance of a difference from 100 in the ratio was determined indirectly by determining whether the two S.M.R.s for each county borough were significantly different. The difference between the two was regarded as significant if it exceeded twice the standard error of the difference between the two S.M.R.s i.e.
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The ratios which differed significantly from 100 are marked in the table with an asterisk. This ratio was selected for study because both lung cancer and bronchitis are associated with similar aetiological factors, among which smoking and air pollution are prominent and there is little urban/rural difference in the ratio. Limited factors, environmental or genetic, which might predispose selectively to one or the other of these diseases might escape detection if the mortality experience for each disease was considered separately. The ratio between the two provides an index of some sensitivity for such factors.
The next two columns in Table III show the ratios between the actual numbers of deaths from lung cancer and from bronchitis in males and females respectively. The correlation between the ratio of the S.M.R.s and the ratio of the actual number of deaths for males for each town was calculated by the rank correlation method. A highly significant positive correlation was found between these two estimates of the relationship between deaths from these two causes (r = 0-98 2 oc <0.001).
The sixth column of Table III shows the population density of each town as calculated by the Registrar General from the Census data of 1961 (Registrar General, 1964b) and the final two columns show the concentration of smoke and of sulphur dioxide in the atmosphere at testing sites in residential areas of 53 county boroughs in respect of which this information was available (Department of Scientific and Industrial Research, 1963) .
The ratio between the S.M.R.s for bronchitis and lung cancer may be influenced either by a change in the frequency of bronchitis or in the frequency of lung cancer or by both. Rank correlation calculations were carried out to compare the ratio of the S.M.R.s for bronchitis and lung cancer with the S.M.R. for bronchitis and with the S.M.R. for lung cancer separately. There was a significant negative correlation between this ratio and the S.M.R. for lung cancer (r = -0-31: 2 oc < 0.01) and a highly significant positive correlation between the ratio and the S.M.R. for bronchitis (r = 0 733: 2 oc < 0.001).
The ratio was significantly high in 29 County Boroughs and was significantly low in 19. The boroughs showing a low ratio, a relative deficit of bronchitis or an excess of carcinoma lay predominantly in the southern and south eastern part of England while those with a high ratio, a relative deficit of carcinoma or an excess of bronchitis lay predominantly in Lancashire and Yorkshire and in the Midlands. The reasons for the deviation from the expected ratio of 100 differ in the two groups of county boroughs. In the majority of those with a low ratio it could be related to a low mortality from bronchitis, in 17 of these towns the S.M.R. for bronchitis was significantly low while in only 4 was the S.M.R. for lung cancer raised, in 1 it was low and in the remaining 14 did not differ significantly from the overall mean (Table IV) . The inference to be drawn is that in these areas the environmental conditions are not conducive to the development of bronchitis while carcinogenic factors, largely cigarette smoking, are fully operative. No less than 12 of these 19 boroughs are coastal towns while only 3 of the 29 towns with a high ratio are situated on the coast. In the 29 towns with a high ratio the explanation is more complex. The S.M.R. for bronchitis was high in 13 instances and significantly low in 3 while the S.M.R. for lung cancer was high in seven boroughs and low in 21. Both ratios were high in the towns of Liverpool, Manchester, Nottingham, Rotherham, Salford, Sheffield, and Warrington. Four of these, Liverpool, Manchester, Nottingham and Sheffield are large cities which are noted for the presence in the recent past of a high degree of atmospheric pollution; Rotherham is almost 247 contiguous with Sheffield and Salford with Manchester. In these cases it is reasonable to suggest that the high mortality from both lung cancer and bronchitis is related to environmental factors of a general nature which are directly related to the state of the atmosphere and which may be controlled by the current clean air programme.
In the other, larger, group in which the mortality from lung cancer was below expectation, some 14 of the 21 towns concerned were areas in which the coal mining and the cotton textile industries are of major importance. In 4 of these 14 towns there was a high mortality from bronchitis, in 2 there was a low mortality from bronchitis and in the remaining 8 the mortality experience from this cause did not differ significantly from that of the country as a whole.
These observations suggest that, in some areas of the country, there are environmental factors which are associated concomitantly with a decrease in the incidence of lung cancer and an excessive incidence of bronchitis. The previous observation (Ashley and Davies, 1966) of an excess of deaths from bronchitis and a deficiency of deaths from lung cancer in the South Wales coal mining area together with the finding that 14 of the 21 towns in which the ratio bronchitis S.M.R./lung cancer S.M.R. was high and the lung cancer S.M.R. was low were towns in which the coal industry and the textile industries were important employers of labour led to a specific analysis of the data from the 24 county boroughs in which these industries are prominent.
The towns selected for analysis were chosen on the basis of data given in the Occupation Tables for the Census of 1951 (Registrar General, 1956) as the occupation tables for the 1961 Census were not available. In 24 towns more than 4 per cent of the male population over the age of 15 years were employed in coal mining or in the textile industries (Table V) . In 14 of these towns coal mining was an important industry, in 8 the cotton textile industry and in 4 the wool textile industry. In some cases both mining and one of the textile industries coexisted.
The Standardised Mortality ratios for these 24 towns taken as a group are 98*7 for lung cancer and 121-2 for bronchitis. The ratio between the S.M.R.sis 123. There is, in the whole group a lower expectation of death from lung cancer and a higher expectation of death from chronic bronchitis. Among the 14 mining towns the ratio between bronchitis and lung cancer was low in 2, Gateshead and South Shields, and was not significantly different from 100 in Stoke-on-Trent and Sunderland. In the remaining 10 towns the ratio was significantly raised. Nine of these towns had a significantly low S.M.R. for lung cancer, 4, Nottingham, Rotherham, Stoke and Sunderland had a significantly high S.M.R. and in 1, Gateshead, the S.M.R. did not differ significantly from that for the whole group of towns. The S.M.R. for bronchitis was high in 7 instances, low in 1 and did not differ significantly from the mean in the remaining 6. Taking the whole group together the S.M.R. for lung cancer was 109 which does not differ significantly from the general experience while that for bronchitis was 134 which is significantly raised. The ratio between the two S.M.R.s was 123.
Four of these five towns with a high S.M.R. for lung cancer however are in two divisions of the National Coal Board in which the frequency of pulmonary dust disease is low (Meiklejohn, 1960) . Gateshead and Sunderland are in the North division and Nottingham and Rotherham in the East Midlands division. If these 4 are excluded the S.M.R. for lung cancer in the remaining 10 mining towns is 97-1 which is below the national average.
The pattern in the 8 cotton towns was more consistent. In 6, the S.M.R. for lung cancer was low, in 1, Preston, it was high and in 1 was not significantly lower than the average. In 3 towns the S.M.R. for bronchitis was high, in 1, Bolton, it was low and in the remaining 4 did not differ significantly from the average. The ratio between the S.M.R.s for bronchitis and for lung cancer was significantly raised in all but one town. The overall S.M.R.s were 89 for lung cancer and 121 for bronchitis, below and above the national average respectively. The 4 county boroughs in which the wool industry assumed major importance all showed low S.M.R.s for lung cancer and all except Dewsbury, which is also a mining town, showed a low S.M.R. for bronchitis. The ratio was significantly raised in Dewsbury and in Huddersfield and did not differ significantly from the average in the cases of Bradford and Halifax. The overall S.M.R.s were 86-5 for lung cancer and 96-5 for bronchitis.
Air Pollution It has been suggested (Stocks, 1960) that the frequency of deaths from lung cancer and bronchitis may be related to the degree of atmospheric pollution in the homes and work places of different parts of the country. Buck and Brown (1964) however found a strong correlation between air pollution and bronchitis deaths but no such correlation with the frequency of deaths from lung cancer. The data from the County Boroughs were examined from this point of view with particular reference to the degree of air pollution in the coal and textile towns.
Data were available from testing stations in residential parts (Site Classification B) of 53 county boroughs in the National Survey of Air Pollution for March, 1963 (Department of Scientific and Industrial Research, 1963) . Data from this single months were used as they were available for a large number of county boroughs and because Buck and Brown (1964) had shown an extremely strong correlation (+ 0.95) with the values for March, 1962 and the corresponding yearly averages where these were available. The concentrations of smoke and of sulphur dioxide in the air of these 53 towns were compared with the S.M.R.s for lung cancer and for bronchitis determined after allowance for the size of the towns had been made as above. The method of rank correlation was used throughout (Table III and VI) . There was a very highly significant positive correlation between the concentrations of smoke and sulphur dioxide and also between the S.M.R. for bronchitis and the concentrations both of smoke and of sulphur dioxide.
There was a small, non-significant, negative correlation between the S.M.R. for lung cancer and the several concentrations of smoke and sulphur dioxide. These findings confirm those of Buck and Brown.
In the 53 towns the concentration of smoke varied from 23 to 261 ug/m3 with a median of 124 and the concentrations of sulphur dioxide ranged from 33-277 again with a median value of 124. Sixteen towns in which coal mining and the textile industries were prominent, were included in this survey, 12 of these had atmospheric smoke concentrations above the median and 11 had sulphur dioxide concentrations above the median.
A separate analysis of the mortality experience in these towns which had, in March, 1963, a smoke concentration of more than 130 was made. Twenty four towns fell into this category, 11 were coal and textile towns, 13 were not: this is a significant excess of coal and textile towns. Nineteen towns had an S.M.R. for bronchitis of over 110, 8 of these were coal and textile, 11 were not: this difference is not significant. Eleven towns had an S.M.R. for lung cancer of over 110, only one of these was a coal or textile town, the remaining 10 were not: this difference is significant. Overall S.M.R.s were calculated for the 11 coal and textile towns and the 13 remaining towns in this group (Table VII) . The S.M.R. for lung cancer for the whole group was almost the same as that for the whole group of 84 county boroughs; this finding accords with the hypothesis that air pollution is not correlated with lung cancer. The S.M.R. for bronchitis was higher than that for the whole group of 84 county boroughs; this again accords with the positive correlation between air pollution and bronchitis. In the coal and textile towns with high atmospheric pollution, however, the overall S.M.R. for lung cancer was only 89-7 which is much lower than the overall average and the overall S.M.R. for bronchitis, 114-2 was lower than that for the whole group of towns with dirty air. In the remaining 13 towns the S.M.R. for lung cancer was high and that for bronchitis very high. A less detailed analysis of the 23 towns with a high concentration of sulphur dioxide gave similar results. These findings support the suggestion that there is a factor present in the coal and textile towns which is to some extent protective against lung cancer and also raise the hypothesis that a relationship between lung cancer and air pollution may be obscured by the selectively low S.M.R. for this disease in the coal and textile towns.
A separate calculation of correlation between the concentrations of smoke and sulphur dioxide and the S.M.R. for lung cancer was made for the 37 towns which were not coal and textile towns and for which air pollution data were available. There was a small positive correlation between the smoke concentration and the S.M.R. for lung cancer (+ 0-216) and also a small positive correlation between the sulphur dioxide concentration and S.M.R. for lung cancer. Neither of these correlations was significantly different from zero and it may be concluded that a relationship between the degree of air pollution and the S.M.R. for lung cancer, if one exists, is obscured by the other contributory factors.
Population Density
The density with which the population is packed together in the towns was found by Buck and Brown (1964) to be positively correlated with the frequency with which lung cancer was observed as a cause of death. In the present investigation the density of population, expressed as persons per acre (p.p.a.) was extracted from the Registrar General's General Tables for the Census of 1961 (Registrar General, 1964b for the 83 county boroughs excluding Greater London (Table III) , and was compared, by the rank correlation method, with the S.M.R.s calculated as above, for lung cancer and bronchitis. There was a positive correlation (r = + 0.359) between the population density and the S.M.R. for lung cancer; this was significant at the 1 per cent level. There was also a positive correlation (r = + 0.184) between the population density and the S.M.R. for bronchitis but this was not statistically significant.
These findings, and those in the preceding section on air pollution, support the contention that there are factors associated with air pollution which influence the frequency of bronchitis and other factors associated with crowding which influence pulmonary carcinogenesis (Buck and Brown, 1964) . The lower death rate from lung cancer in the coal and textile towns could therefore be related to a difference in population density in these areas compared with the remainder of the country.
The population densities of the county boroughs varied from 3-3 to 33-4 with a median of 14-7 p.p.a. In the 24 coal and textile towns the population density varied from 3-3 to 22-6 p.p.a. with a median value of 12-2. This finding suggested that population density might be of importance in determining the low S.M.R. from lung cancer in these towns. A total of 24 towns, 12 coal and textile towns and 12 others, had a low population density of less than 12 persons per acre. Data from these two groups were extracted and combined S.M.R.s for lung cancer and for bronchitis were calculated for the whole group of towns of low population density, for the 12 coal and textile towns and for the 12 other towns (Table VIII) . The S.M.R. for bronchitis for the whole group, 107-8 was only a when compared with the towns in which these industries are not prominent. These findings further support the contention that there is some specific factor in the environment of the coal and textile towns which is active against lung cancer development.
As there was such a close correlation between the ratio of the number of deaths from bronchitis and the number of deaths from lung cancer and the ratio of the S.M.R.s from these two causes, the former ratio was calculated for females (Table  III) , and for males and females in the administrative county areas outside the county boroughs (Table IX) . Fig. 1 shows the distribution of significantly high and low ratios of observed deaths from these two conditions in males in the counties and county boroughs of England and Wales. The standard error of the ratio between the observed numbers of deaths was determined empirically bv dividing the ratio by the square root of the smaller number of deaths whether bronchitis or carcinoma and the ratio was regarded as significantly different from the overall ratio for the counties, 116 in the case of men, 266 in the case of women. if the difference was greater than twice this standard error. The ratio for men was significantly raised in 14 counties, Derbyshire, Durham, Hereford, Lancashire, Nottinghamshire, Shropshire, Staffordshire, Worcestershire, the West Riding of Yorkshire, Brecknock, Carmarthen, Glamorgan, Monmouth and Pembroke. Significantly low ratios were seen in 28 counties which together occupied the Southern and South Eastern part of the country with the addition of Westmorland., the North Riding of Yorkshire and Radnorshire (Fig. 1) .
The ratios for females followed those for males quite closely. Analysis of the counties and county boroughs separately by Spearman's rank correlation method showed in each case there was a significant correlation between the ratio for men and that for women. Thirteen counties showed a high ratio for women, ten of these also showed a high ratio for men; 19 counties showed a low ratio for women, 17 of these also showed a low ratio for men. Thirteen county boroughs showed a high ratio for women, in only one instance, Stoke-on-Trent, was the ratio for men normal. In 21 towns the ratio for women was low. 17 of these showed also a low ratio for men.
Inspection of the map shows that the areas in which the ratio of deaths from bronchitis to deaths from lung cancer is high correspond to the areas of the country in which the coal mining industry and the textile industries are concentrated. This confirms, in a general way the findings in the preceding sections that there is a differential incidence of bronchitis and of lung cancer in these areas.
More specific consideration of the counties shows that in 13 coal mining is an important industry and in 3 the textile industry is important. (Registrar General, 1956) . Two of the three textile counties have high ratios between the numbers of deaths from bronchitis and lung cancer; these, Lancashire and the West Riding of Yorkshire are the seat of industries concerned with the processing of raw textile material. The third, Leicestershire is more concerned with the manufacture of textile articles from material which has already been processed elsewhere. The higher ratio in Lancashire and the West Riding may, on the present hypothesis, be related to the dust evolved in the primary processing operations which is not so apparent in later manufacturing processes.
Nine of the 13 mining counties showed significantly high ratios. The ratio in the remaining 4 counties were within the range which might be expected by chance. Two of these, Northumberland and Leicestershire were in Coal Board Divisions which have a low incidence of pneumoconiosis (Meiklejohn, 1960) , and in the other two, Warwickshire and Denbighshire, Warwickshire has the lowest frequency of pneumoconiosis in its division and has a low proportion of the population working in the mines while in Denbighshire the frequency of pneumoconiosis is about the national average (Meiklejohn, 1960) .
DISCUSSION
Consideration of the statistics for deaths from lung cancer and bronchitis confirm the findings of Buck and Brown (1964) that bronchitis is correlated with the degree of atmospheric pollution while lung cancer shows no such correlation and, on the other hand lung cancer is correlated with population density while bronchitis is not.
The use of the two statistics, the ratio of the S.M.R.s for bronchitis and for lung cancer and the ratio between the gross numbers of deaths from these causes in different parts of the country, has pointed out differences in the mortality of different parts of the country which were unexpected (Fig. 1) . The mortality experience of different sizes of towns differs in these two diseases (Table I ) and the calculated S.M.R.s make allowance for these differences but the ratio between the S.M.R.s (Table I ) and between the gross numbers of deaths (Table X) do not show any significant differences in towns of different population. A low ratio between the S.M.R.s was generally correlated with a low death rate from bronchitis and with a low degree of atmospheric pollution. This would be expected if the urban factors responsible for the higher incidence both of bronchitis and of lung cancer in the larger towns were independent and the correlation between the two coincidental. Areas with a high ratio, however, showed a more complex picture, in some instances there was an excessively high mortality experience from bronchitis while in others the mortality from lung cancer was unusually low.
A first simple hypothesis is that in areas of a high prevalence of bronchitis patients die of this condition before they have time to develop lung cancer.
The age distribution of deaths from these two causes however (Tables II and XI) show that death from bronchitis, when it occurs, tends to involve men at a greater age than is the case for lung cancer; the relative numbers of deaths from the two causes shows a steady increase with increasing age.
A second hypothesis is that the differences in total deaths from bronchitis and lung cancer may be related to differing age structures in the population. This would involve an opposite age effect to that put forward in the preceding S.M.R.s to be lower in the towns which have a high proportion of men over the age of 65. The towns concerned however, Bath, Blackpool, Bournemouth, Brighton, Eastbourne, Great Yarmouth, Hastings, Northampton, Norwich, Portsmouth, Southend and Southport are predominantly in coastal areas of the southern part of the country where there is generally little industry and the degree of air pollution is low. The finding of an excess of deaths from bronchitis and a deficiency of deaths from lung cancer in the high ratio areas and the converse finding in the low ratio areas, suggests that bronchitis may have a protective effect on the lungs, and that the patient who has this chronic inflammatory and degenerative process at work may be at a relative advantage vis-a-vis his fellow with more normal lungs. The distribution of high and low bronchitis/lung cancer ratios (Fig. 1) does not correspond however to the distribution of deaths from bronchitis in the population (Howe, 1963) . Areas such as Merseyside, London and Sheffield in which there is a high frequency of bronchitis do not appear to have a reduced frequency of lung cancer. The distribution of high ratio areas, those in which there is an excess of bronchitis and a deficiency of lung cancer, corresponds rather to the distribution of the coal and textile industries in which there are occupational dust diseases of the lung. This point is emphasised in the calculations which show a high ratio between deaths from bronchitis and deaths from lung cancer in the counties and county boroughs in which those industries are important users of labour, and a low ratio in the remainder of the country.
Separate analyses showed that the factors of air pollution and population density were not responsible for the different experience of the coal and textile towns. When towns with high atmospheric pollution were compared the coal and textile group showed a deficit of cases of lung cancer and a similar finding was made in a comparison of towns with low population density.
There is a strong correlation between the sexes for the bronchitis/lung cancer ratio, a high ratio in men is accompanied in more than half the areas by a high ratio in women and vice versa. The occupations of women are, of course, different from those of men, particularly in respect of heavy industry. In the cotton towns of Lancashire and the wool towns of Yorkshire many women are exposed to dusts in the mills and a similar occupational tendency to bronchitis may confer benefits in respect of lung cancer. In mining areas on the other hand, few women are directly employed on the production of coal apart from a few who work on the surface screening the coal. The environment of the coal mining area however, is dominated by heaps of coal and of refuse from the collieries and it is probable that the whole community, not only those whose daily work is concerned with coal production, is exposed to atmospheric contamination with dust from the coal bearing rocks.
The concept that bronchitis associated with chronic dust disease of the lung is protective against lung cancer is supported by observations on coal miners. A set of death notices for men dying of lung cancer and bronchitis for the year 1963 was supplied to me by the Registrar General. Among these were 355 men whose occupation was recorded as collier or miner, 283 had died of bronchitis, 72 of lung cancer, a ratio of 394 which is much higher again than any seen in the large population units used in this survey.
The overall frequency of lung cancer in coal miners has been known to be low for many years and is lowest in the South Wales coalfield where pneumonconiosis is most prevalent (Kennaway and Kennaway, 1953) . Histologically the lesions are similar to those seen in lung cancer in other groups of workers (James, 1955) but the prognosis in operable cases is better than the general experience (Smith, 1959; Goldman, 1965) . This lowered incidence has been attributed to a reduction in respiratory epithelium and hence reduction in the numbers of cells available for carcinogenesis (Gough, 1962) . This, however, is considered unlikely, because a high proportion of lung tumours arise in the larger bronchi which remain even when there is extensive destruction of the lung. Goldman (1965) suggests that the better prognosis in miners may be due to mechanical blockage of lymphatic channels by fibrosis and coal-laden macrophages.
The pathogenesis of pneumoconiosis itself is by no means settled and it seems likely that there is an immunological component in this disease (British Medical Journal, 1960) . Experimental silicosis in rabbits has been enhanced by immunisation of the animals with horse serum (Powell and Gough, 1959) and histiocytes and plasma cells have been found in excess in the spleen, lymph nodes and bone marrow of silicotic patients (Saita and Arrigoni-Martelli, 1956) .
If this is the case it can be postulated that the lung of the worker exposed to industrial dusts is in a state of immunological enhancement and that such a lung has in it cells capable of destroying malignant cells soon after their formation. Such cells may be regarded as " foreign " to the body. This mechanism would explain the reduction in incidence of lung cancer in coal miners and also in the general population of the mining and textile areas of the country and also the better prognosis of lung cancer when it occurs in colliers. If a tumour is held back by the natural immune response of the body an appreciable aid to the surgeon is provided. In areas of the coal mining industry in which pneumoconiosis is less common, whether because of intrinsic differences in the type of coal mined or because of differences in mining techniques, the reduction in lung cancer mortality is less apparent.
In other forms of lung irritation immunological processes play a smaller part and the frequency of lung cancer, as well as that of bronchitis will be correlated with the extent of exposure to irritants. The excess of deaths from lung cancer among men poisoned with mustard gas during the 1914-18 war (Case and Lea, 1955 ) is explicable on this basis.
SUMMARY
The mortality experience for lung cancer and bronchitis is compared for the county boroughs and administrative counties of England and Wales. A positive correlation is found between mortality from bronchitis and air pollution and between mortality from lung cancer and population density.
A study using statistics based on the ratio between the mortality experiences from bronchitis and lung cancer has shown a significantly high ratio in those areas in which the coal and textile industries are prominent. This high ratio is associated with an excess of bronchitis and a deficit of lung cancer. Separate analyses show that the difference between the mining and textile towns and the remaining towns of the country is not related to the degree of air pollution or to the population density.
It is suggested that chronic lung disease associated with the inhalation of dust confers protection on the lung against carcinogenic substances and that it is this protective action which is responsible for a high bronchitis/lung cancer ratio.
It is further suggested that the mechanism of this protection is immune in nature; that the dusty lung is in a state of enhanced immunological competence and is better able to destroy the first few cells which have undergone malignant transformation than is the normal lung. This mechanism is postulated as the reason for the observed low death rate from lung cancer among coal miners.
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